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(72) [Inventor] 

[Name] Inokuchi Hirokazu 

(57) [Abstract] 

[Problem] Obtain glass cloth which makes printed circuit board wh 
ich is superior in CAF resistancepossible. 

[Means of Solution] Tensile strength of glass yarn which forms gjas 
s cloth is 47 gtex or greater, bundle binderof glass yarn including 
water-soluble urethane resin and/or water-soluble epoxy resin as 
film formation component, furthermore it ircludesthe silane coupling 
agent, at same time, glass cloth for printed circuit board where 
deposition ratioof bundle binder is a range of 0.05 to 0.4 %, printed 
circuit board which designates this glass cloth as reinforcement 

[Gaines)] 

[Claim 1] Tensile strength of glass yam which forms glass cloth is 4 
7 g/tex or greater, includingthe film formation conponent and silane 
coupling agent as essential ingredient of bundle binder of 
theaforerrentioned glass yarn, said film formation conponent is 
water solubility urethane and/or water-soluble epoxy resin, it 
designates that thedeposition ratio of bundle binder of 
aforementioned glass yam is a range of 0.05 to 0.4 %as feature, glass 
cloth for printed circuit board. 

[Claim 2] Glass cloth for printed circuit board which designates th 
at silane coupling agent in Claim 1 is amine type silane coupling 
agent as feature. 

[Claim 3] Printed circuit board which designates that glass cloth w 
hich is stated in Claim 1 is designated as reinforcement as feature. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] As for this invention, especially, 
it regards glass cloth for printed circuit board whichmakes printed 
circuit board which is superior in CAF resistance possible in regard 
tothe glass cloth which is used as reinforcement of printed circuit 
board. 

[0002] 

[Prior Art] Miniaturization of electronic equipment, attendant upon 
making high performance, printed circuit board whichairong those is 
used multi layering and making high performance are advanced 
Request of characteristic and reliability improvement is harshly 
sought fromthesubstrate which is used for this kind of printed 
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circuit board. Especially, with high densification, between through 
hole and, by fact thatbetween of inner layer line and through hole 
becomes narrow, it reaches thepoint where you can see phenomenon 
where insulating resistance decreases it hasbecome irrportant 
problem in reliability. As one of this cause, you can think influence 
of copper migration (electroetching)v^iich occurs between 
conductor. Under high humidity environment of applying voltage, 
copper which is a conductor startingdissolving from anode, it 
precipitates electroetching, passes insulatorand cathode and it is a 
phenomenon which continuity is done. 

[0003] Electroetching is divided into CAF(conductive anodic filam 
ent s) which occurs in interface of thedendrite and inner layer glass 
fiber and resin which occur in surface resist and theadhesive layer. 
CAF which occurs mainly in glass cloth -epoxy group sheet is 
something which relatesto reliability of printed circuit board, in 
future is one of themost irrportant quality characteristic. So far, in 
order to improve CAF, adhesiveness of interface of theglass fiber and 
resin due to surface treatment of resin and glass cloth, drill 
fabricability or otherexanination was done, but cause which it is 
clear has not grasped, glass cloth which is used for printed circuit 
board cloth weaving after beingdone, is heated with tenrperarure 
approximately of 400 °Q after thesizing of starch main component 
which is used because of weaving is removed, itis produced with 
process that surface treatment is administered in order toguarantee 
glueing with resin. Therefore, as for improvement of substrate 
characteristic which relates to interfaceof glass fiber and resin such 
as electrically insulating property and heat resistance, 
rernarkableeffect was acquired by improvement of surface treatment 
after heatingdesizing. But, sufficient effect is not acquired with this 
surface treatment it is represented inthe CAF of these days vis-a-vis 
harsh request, various examinations formed even from aspect of resin 
which is a matrix. 

[0004] 

[Problems to be Solved by the Invention] Printed circuit board whi 
ch is superior in electroetching resistance and especially CAF 
resistance, and glass cloth which makes this substratepossible is 
obtained as objective. 

[0005] 

[Means to Solve the Problems] As for this inventor etc, In order to so 
lve aforementioned problem result of diligent investigation, 
thetensile strength of glass yam which forms glass cloth is 47 gtex 
or greater, including thefilm formation component and silane 
coupling agent as essential ingredient of bundle binder of 
aforementi onedgl ass yarn, said film formation component is water 
solubility urethane and/or water-soluble epoxy resin, is something 
which looks at that it issolution possible with glass cloth for 
printed circuit board deposition ratio of bundle binderof 
aforementioned glass yarn makes range of 0.05 to 0.4 % and starts 
corrangout. In addition, it is something which looks at that 
satisfactorier resultit is acquired to case where aforementioned silane 
coupling agent is theamine type silane coupling agent, and starts 
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coming out. Furthermore, it is something which looks at that printed 
circuit board which issuperior in CAF resistance this glass cloth as 
reinforcement by using is acquired andstarts coming out. 

[0006] 

[Embodiment of execution of invention] Glass cloth for printed circu 
it board of this invention requires fact that tensile strengthof glass 
yarn which form glass cloth is 47 gtex or greater. As for glass yam 
which is used for glass cloth for printed circuit board gpnerallythe 
filament diaireter being 5 to 10 pm, tex count is used those of range 
ofthel0tol35. If glass yam which is used for glass cloth of this 
invention tensile strength is the47 gtex or greater, those of 
aforementioned range can be used. As for bundle binder of glass 
yarn which is used for glass cloth of this inventionincluding film 
formation component and silane coupling agent as essential 
ingredient, film formationconponent is water solubility urethane 
and/or water-soluble epoxy resin, fact that deposition ratio of 
bundle binder is a range ofthe 0.05 to 0.4 % is required. As 
component of bundle binder, it can add also fatty acid ester system 
and lubricantand surfactant etc of cationic type other than this. 

[0007] polyoxyalkylene compound , for example polyoxyethylene 
glycol and polyoxyethylene oxypropylene glycol etc and you can 
list diphenylmethane diisocyanate andthe toluene diisocyanate , 
hexarrethylene diisocyanate and those etc which react with 
isophorone diisocyanate as the water-soluble urethane resin which 
is used as film formationconponent. In addition, it can increase 
amine modified epoxy resin , ethylene oxide addition epoxy resin 
and ethylene oxide addition bisphenol A as the water-soluble 
epoxy resia As amine modified epoxy resin, bisphenol-based 
epoxy resin which 1 to 3 it possesses bisphenol nucleus issuitable 
in molecule of epoxy resin, amine modified epoxy resin which 
reacting, acqturesthe diethanolamine in this epoxy resin is desirable. 
As for reaction ratio of epoxy resin and diethanolamine, it is 
desirable to havereacted with for 50 % or higher and diethanolamine 
of epoxy group which itpossesses in epoxy resin 1 molecule. When 
it is lower than 50 %, it is not possible to give satisfactory water 
solubilityto epoxy resia In addition, in same way as amine 
modified case, bisphenol-based epoxy resin which 1 to 3it 
possesses bisphenol nucleus is suitable in molecule of epoxy resin 
as the ethylene oxide addition epoxy resin, number of moles added of 
ethylene oxide, is 8 mole or more and preferably 8 to 1 3 mole. 
When number of moles added of ethylene oxide is less than 8 mole, 
when it is notpossible, to give satisfactory water solubility, vis-a- 
vis epoxy resin in addition, it ismore than 1 3 mole, water solubility 
being too large, adverse effect is given tothe performance of 
laminatioa In case of ethylene oxide addition bisphenol A it is 
similar. Before as for film formation component which was inscribed 
can also use with just the] kind , but mixing 2 kinds or more, it can 
also use. filmformation component which is included in bundle 
binder is 1 .0 to 5.0 % with weig}it%in bundle binder combined 
liquid. 

[0008] Y-airinopropyl triethoxysilane ,N-(Hamnoethyl)^ami 
nopropyl triethoxysilane , N£-(N-vinyl benzylamino ethyl>y- 
aminopropyl trimethoxysilane acetate , y-meta acryloxy propyl 
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trimethoxysilane, vinyl -tri(P-rrethoxy etho\7)silane andf 
glycidoxy propyl trirrc*hoxysilaneetc, or you can list blend as 
silane coupling agent which is a essential component of thebundle 
binder, silane coupling agent corrponent which is included in 
bundle binder, with weight % in bundle binder combined liquidjs 
0.05 to 2.0% In addition, tetraethylenepentaminedistearateand 
butyl stearate etc respective 0.03 to 0. 1 5 % , the0.2 to 1 .0 % can be 
used as lubricant component of bundle binder. 



[0009] Deposition ratio of bundle binder of glass yam which forms 
glass cloth of this inventionrequires fact that it is range of 0.05 to 0. 
4 %. But, when it is necessary to strengthen bundling property with 
types andthe weaving condition etc of cloth, it is possible to 
increase upper limit tothe 1.0 %. In this case, it is necessary to 
designate deposition ratio of bundle binder asthe 0.4 % or lower 
glass cloth with water washing etc after weaving. As means of 
water washing method which in water tank after soakingdoes 
wrung liquid with mangle, method which provides ultrasound 
generator in water tank, promotes water washingwith ultrasound , 
In addition, it is possible due to vibrowasher method and method 
etc whichuseshigh pressure water jet or other equipment. When 
decrease of bundle binder deposition ratio with water washing is 
large, after water washing dryingit is possible also to do treatment 
with silane coupling agent, glass cloth of thus invention is 
acquired before making use of glass yarnwhich was inscribed 
weaving being done by fixed method. As for mass of glass cloth 
with 20 to 350 gfaiz, as for weaveespecially it is not limited, but 
plain weave is desirable in handling property or otherpoinL 

[001 0] As for glass cloth of this invention, because hot degreasing o 
f bundle binder which isdone in case of glass cloth for conventional 
printed circuit board is not done, you cannot seethe strength 
decrease of glass yarn which forms cloth, when glass fiber 
spirmingbeing done, close state is maintained, this regarding 
relationship between silane coupling agent and glass fiber surfacein 
bundle binder corrponent is presumed that it is a desirable thing. 
Namely, because silane coupling agent coating it is done at time of 
thestate of surface activity immediately after spinning of glass fiber, 
it iseasy be able to designate Si-OSi bond as with surface and 
coupling agent ofthe glass fiber, it means that coupling agent is 
connected to firm to surfaceof glass fiber, this when printed circuit 
board is produced with epoxy resin or other thermosetting resin as 
matrixmaking use of glass cloth of this invention, matrix resin 
through coupling agent inthe surface of glass fiber, to stick, be able 
to acquire satisfactoryinterface state, mechanical property and 
electrical property of substrate it can improve. Therefore, with Prior 
Art CAF resistance which makes difficult greatly itbecame possible 
toirrprove. As silane coupling agent when epoxy resin is used 
making use of amine type silane coupling agent, as the matrix resin, 
printed circuit board which is superior in especially CAF resistance 
beingacquired was ascertained 

[001 1] Glass cloth of this invention includes water-soluble urethan 
e resin and/or water-soluble epoxy resin as bundle binder 
component, but thesecomponent are water solubility, but because 
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also even such as epoxy resin or polyester resin it haspossessed 
compatibility, alienation it is difficult to become factor of 
theadhesion of interface of glass fiber and matrix resia But, because 
also affinity of water has, when deposited amount is toolarge, it 
becomes al ienat ion factor of interface adhesioa Therefore, as for 
deposition ratio of bundle binder conponent on cloth it is 
desirableto be a 0.4 % or lower. It produces printed circuit board of 
Claim 3 of this invention, making use oftheglass cloth of Claim l or 
2. As matrix resin, you use epoxy resin or polyester resin and 
polyirride resin, concerning manufacturing method suchas prepreg 
method and continuous method and wet method especially you are 
not limited, two-sided board or single-sided board , in addition also 
substrate and multilayer board for multilayer areincluded in printed 
circuit board of thus inventioa printed circuit board of this 
invention is not a thermal degradation as reinforcement, at same time, 
because silane coupling agent at time of spinnii^ glass cloth which 
designatesthe glass yarn which consists of glass fiber of state which 
coating isdone as constituent yarn is used, CAF resistance which 
could not acquire with thePrior Art with kind of reason which has 
been expressed with paragraph OOlOand is superior is showa 

[0012] 

[Working Example(s)] 
< Working Example 1> 

( 1 ) Production of g) ass yarn 

.circle- 1 . glass yarn ECG 75 1/0 0.7Z 
xirde-2. bundle binder 
Film formation conponent.... In Epikote 828 diethanol 

Amine 1 mole those which are added. 2.0 % (solid co 

nponent) 

Coupling agent ...faninopropyl triethoxysilane 

0.3 % (solid conponent) 
Lubricant ... butyl stearate 0.5 % (solid conponent) 
Water 97.2% 
Bundle binder deposition ratio 0.5 % 

(2) Production of glass cloth 
.circle-1 . gjass cloth 7628 type 

I nserti on number warp 4 4 /25 mm 
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Weft 



3 3 /25 mm 



Mass 215g/nt2 
Deposition ratio 0.5 % 

.circle-2. water washing 

In water tank where ultrasound generator can provide glass cloth w 
hich is acquiredwith .circle- 1 . 3 min it dried with drawing and 1 10 
°Cwiththe mangle after 30 second water washing. 

.circle-3. surface treatment 

Surface treatrrent was done in water washing glass cloth which is ac 
quired with .circle-2.. silane coupling agent did N-(S{N-vinyl 
ten^Ianinoethyl)-Y-arrinopropyl trimethoxysilane with 1 % 
aqueous solution. 

Deposition ratio 0. 1 5 % 

Tensile strength of glass cloth. 150 kg/25 mm 

Tensile strength of glass yarn. 50.5 gtex 

[001 3] (3) Production of printed circuit board 

Glass cloth which is acquired with (2) painting epoxy resin varnish 
of theFR-4 type, it drew up prepreg, 8-layer you repeated this 
prepreg, furthermore repeated copper foi 1 ofthe 1 8 pm to top and 
bottom, with terrperature 1 70 °C and pressure 80 kg/crr2 formed 
with thel2 0 min, drew up laminated board of 1 .6 mm thickness. 

(4) CAF resistance test 

Concerning this laminated board, at a time 2 hole proximity doing th 
e through hole 40 hole, in order to become opposite, you opened. It 
did through hole condition with following condition. 



Drill diameter 



0.9 mm 



Rotational frequency 60000 rpm 
Feed rate 1 800 mrrVrni n 



Hole wall interval 



300 pm 



Through hole laminated board through hole plating was done, furthe 
rmore between respective through holeof 20 opposite imparting in 
order for it to be possible voltagp,the circuit was formed. 3 0-rrinute 
it treated in pressure cooker which is set to 121 °Cafterthat, 
imparting it did 1 00V between through hole which in 85 °C /85 % 
atmospherebecorres opposite it inspected time when continuity it 
does and thenurriber between via Result is shown in Table 1. 
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[0014] <Working Exanple 2> It did besides glass yarn in Working 
Example 1 glass cloth 21 16 type ( insertion number ; warp 6 0/25 
mm, weft 5 8 /25 mm, mass 106 g/m ) withisdone making use of EC 
E225 1/0 1Z, in same way as Working Example 1. 

Bundle binder deposition ratio of glass yam 0.50 % 

Deposition ratio of gjass cloth, (after water washing andsurfa 
ce treatment) 0.15% 

Tensile strength of glass cloth. 82 kg /25 mm 

Tensi le strength of glass yarn. 60.7 g/tex 

[001 5] <Working Example 3> It did besides glass yarn in Working 
Example 1 glass cloth 1080 type ( insertion number ; warp 6 0 /25 
rim , weft 46/25 mm, mass 45 g/ird ) with i sdone making use of ECD 
450 1/0 1Z> in same way as Working Exanple 1. 

Bundle binder deposition ratio of glass yarn 0.70% 

Deposition ratio of glass cloth, (after water washing and surfac 
e treatment) 0.15% 

Tensi le strength of glass cloth. 54 kg /25 mm 

Tensi le strength of glass yarn. 80.3 gtex 

[0016] <Working Exanple 4> It did besides coupling agent insurfa 
ce treatment of Working Example 1 is designated asthe-y- 
glycidoxy propyl trimethoxysilane in same way as Working 
Exanple 1 . 

<Working Exanple 5> It did besides coupling agent in surface treat 
ment of Working Exanple 2 is designated asthe y-glycidoxy 
propyl trimethoxysilane j n same way as Working Example 2. 

<Working Exanple 6> It did besides coupling agent in surface treat 
merit of Working Exanple 3 is designated asthe 7-glycidoxy 
propyl trimethoxysilane in same way as Working Example 3. 

[0017] <Comparative Exanple 1> It produced concerning glass clot 
h which is used with Working Exanple 1 , withthe method until 
recently, namely, glass cloth which weaving is done itdid besides 
glass cloth which did surface treatment after removing bundle 
binderwithhotdegreasing, with silanecoipling agent is used, in 
same way as Working Exanple 1 making use of glass yam due to 
bundle binder of starch-based, types of cloth used 7628 type. 

Tensile strength of cloth after surface treatment. 1 00 kg /25 
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[0019] <Jt»fl!l5>551Efil3i?ffli^fc*^x^nxic 
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mm 



Tensile strength of glass yam 33.7 g/tex 



Deposition ratio of surface treatment agent. 



0.1% 



<Comparative Example 2> With Comparative Example 1 it did besid 
es surface treatment agent is designated as fglycidoxy propyl 
trirrethoxysilane inthe surface treatment, in same way as Comparative 
Example 1. 



mm 



Tensile strength of cloth after surface treatment. 97 kg /25 



Tensi le strength of glass yarn 32.7 g/tex 



Deposition ratio of surface treatment agent. 



0.1% 



[001 8] <Comparative Example 3> It produced concerning glass clot 
h which is used with Working Example 2, withthe method until 
recently, namely, glass cloth which weaving is done itdid besides 
glass cloth which did surface treatment after removing bundle 
binderwith hot degreasing, with silane coupling agent is used, in 
same way as Working Example 2making use of glass yarn due to 
bundle binder of starch-based, types of cloth used 2116 type. 



Tensi le strength of cloth after surface treatment. 60 kg /25 



mm 



Tensile strength of glass yam 44.4 g/tex 



Deposition ratio of surface treatment agent. 



0.1% 



<Comparati ve Example 4> With Comparative Example 3 it did besid 
es surface treatment agent is designated as fglycidoxy propyl 
trirrethoxysilane inthe surface treatment, in sarre way as Comparative 
Example 3. 



Tensi le strength of cloth after surface'trealment. 50 kg /25 



mm 



Tensile strength of glass yam 37.0 g/tex 



Deposition ratio of surface treatment agent. 



0.1 % 



[0019] <Comparative Example 5> It produced concerning glass clot 
h which is used with Working Example 3, withthe method until 
recently, namely, glass cloth which weaving is done itdid besides 
glass cloth which did surface treatment after removing bundle 
binderwith hot degreasing, with silane coupling agent is used, in 
same way as Working Example 3making use of glass yam due to 
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[0020] SHEffli -eatfttttWi ~6ico^T<Dffifc 

[00 2 1 ] 



bundle binder of starch-based, types of cloth used 1080 type. 

Tensile strength of cloth after surface treatment. 3 1 kg /25 

mm 

Tensile strength of glass yarn. 44.9 gtex 

Deposition ratio of surface treatment agent. 0. 1 % 

<bnparative Example 6> With Conparative Exanple 5 it did besid 
es surface treatment agent is designated as fglycidoxy propyl 
trimethoxysilane inthe surface treatment, in same way as Comparative 
Example 5. 

Tensi le strength of cloth after surface treatment. 30 kg /25 

mm 

Tensile strength of glass yam. 44. 1 gtex 

Deposition ratio of surface treatment agent. 0. 1 % 

[0020] Test result of CAF resistance concerning Working Example 1 
to 6 and Conparative Example 1 to 6 is shown inthe Table 1 . In 
Table 1 , fact that continuity number is 0 is shown. 

[0021] 
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[0022] 

[Effects of the Invention] It was superior in CAI 
th for printed circuit board of this invention asth 
using is printed circuit board can be acquired. E 
furthenrore printed circuit board which possesst 
which issuperior can be acquired by using amine 
coupling agent as silane coupling agent. 
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